Background: Gradual alteration of serum copper and some plasma protein levels may occur with advancement of pregnancy, which is associated with increased maternal and infant morbidity and mortality. Objective: To observe serum copper and plasma protein levels in normal pregnant women of different trimesters in order to find out their nutritional status. Methods: This cross sectional study was carried out in the Department of Physiology, Sir Salimullah Medical College (SSMC), Dhaka, between 1 st January 2010 and December 2010. Ninety normal pregnant women of different trimesters with age 20-30 years were included in the study group. They were selected from Out Patient Department of Obstetrics and Gynaecology, SSMC. Age matched 30 non-pregnant women were taken as control. Serum copper level was measured by Spectrophotometric method, serum total protein and albumin levels were estimated by standard method. Statistical analysis was done by one way ANOVA, Bonferroni and Pearson's correlation coefficient test as applicable. Results: Serum Cu levels were significantly higher in all trimesters of pregnant women compared to control. Again, this value was significantly higher in 3 rd trimester than that of in 1 st and 2 nd trimester and also in 2 nd trimester than that of in 1 st trimester. In addition, mean serum total protein level was significantly lower in 3 rd trimester than control but no statistically significant difference was observed among different trimesters. Again, mean serum albumin level was significantly lower in 2 nd and 3 rd trimester than 1 st trimester and control. In addition, serum Cu concentration showed significant positive correlation with different trimesters of gestation. Conclusion: This study reveals that hypercupremia along with hypoproteinemia occur in pregnant women from 1 st to 3 rd trimester of gestation. This gradual alteration of micro and macronutrients become more profound with advancement of pregnancy.
congenital malformation and abnormal organ development 3, 4 .
Nutritional status in early pregnancy may be an important indicator of nutritional risk in late pregnancy 5 . Fetal demand for nutrients occurs primarily during the last half of gestation when >90% of fetal growth occurs 6 . Circulating concentrations of most nutrients decrease by the end of first 10 weeks of gestation and remain lower than non pregnant values until term 1 .
regnancy is a period of increased metabolic demands, with changes in the woman's physiology and the requirements of a growing fetus 1 . During this time, improper stores or intake of micronutrients can have adverse effects on the mother such as anemia, hypertension, complication of labor and even death 2 . Furthermore the fetus can be affected resulting in stillbirth, pre-term delivery, IUGR, Different researchers demonstrated that micro and macro nutrients are essential for the development of fetus. In pregnancy many minerals like zinc, copper, calcium and magnesium are transferred from mother to the fetus 3 .
Copper is essential for neural function 7 . It forms an integral component of many metalloenzymes including amine oxidase, cytochrome oxidase, super-oxide dismutase and tyrosinase 8 . In addition, copper is also involved in the synthesis of hemoglobin 9 , formation of collagen, skeletal development 7 , maintenance of the myelin sheath and in immune function 10 . Maternal copper deficiency can cause infertility, abortion and still birth 11 . Copper deficiency during pregnancy can result in delivery of offspring with congenital abnormalities of the nervous system 11 . It has been reported that more than 50% of human conception fail to implant and of those implanted, approximately 30% fail to reach term due to copper deficiency 12 . However, during pregnancy serum copper level increases from about 80 to 155 µg/dl to about 118 to 302 µg/dl by the end of the 3 rd trimester 9 . This increase of copper may be due to an increase of ceruloplasmin as a result of elevated level of estrogen during pregnancy 13 . Again, less diffusion of maternal serum Cu through the placenta may also cause hypercupremia in pregnant women 3 . However, excess copper level in pregnancy can be associated with intrauterine growth retardation in fetus and preeclampsia along with some neurological diseases in mother 14 . Moreover, persistently high copper levels may contribute to postpartum depression due to the effects of metals on nervous tissue. Excess copper in the brain, can alter the balance of dopamine and norepinephrine, two mood-regulating neurotransmitters 15 .
It has been observed that copper level was significantly higher in pregnant women than that of non pregnant women. They also found that copper level increased gradually and significantly from the 1 st trimester to the 3 rd trimester. The maximum increased level of copper was observed during 3 rd trimester of pregnancy 16 . Some other group of investigators also reported that pregnant women of 28 to 32 weeks of gestation had lower serum copper levels in comparison to the pregnant women of gestational age 32 to 36 weeks. A significant positive correlation was found between gestational age and serum copper level 4 . On the contrary, a decreased serum Cu level was also found in 3 rd trimester when compared to that of in 1 st and 2 nd trimester of normal pregnant women 17 .
Furthermore, some nutritional deficiencies such as deficiency of protein, vitamins etc. may also be responsible for preterm delivery especially in developing countries 5 . In addition to this, protein deficiency especially deficiency of albumin and globulin may also be responsible for alteration of maternal plasma Cu concentration, as they act as Cu-binding vehicle 18 . Some researchers found significantly lower levels of serum total protein and albumin in some pre-term mother in comparison to those of non-pregnant women and also of full-term mother 19 . So, pregnancy is often associated with adequate level of all the nutrients like iron, copper, zinc, proteins etc. and inappropriate supply of one of these may affect pregnancy, delivery and outcome of pregnancy 13 .
A change of micro and macronutrient status in women of reproductive age is recognized as a major public health problem in our country. Pregnant women are vulnerable to nutritional deficiencies because of the increased demand during pregnancy. Although some work on role of copper and plasma proteins on preterm delivery 19 was done in our country, but little is known about serum copper and protein levels in different trimesters of normal pregnancy.
Therefore, the present study has been undertaken to estimate serum copper and protein concentrations in different trimesters of gestation. It is expected that findings of this study would give a guideline to the obstetrician for better management of the pregnant women which may prevent maternal and fetal morbidity and mortality and also may reduce the risk of complication during and after delivery.
Methods
This cross sectional study was carried out in the Department of Physiology, Sir Salimullah Medical College (SSMC), Dhaka between 1 st January 2010 and 31 st December 2010. Study subjects were selected by following simple random sampling procedure and the protocol of this study was approved by Institutional Ethics Committee (IEC) of SSMC. Total number of 90 normal pregnant women of different trimesters age 20-30 years was enrolled in the study group (Group B). They were subdivided into group B 1 (n=30) 1 st trimester, group B 2 (n=30) 2 nd trimester and group B 3 (n=30) 3 rd trimester. Age matched 30 apparently healthy non-pregnant women (group A) was served as control group. The pregnant women were collected from Out Patient Department of and Obstetrics and Gynaecology, SSMC and nonpregnant women by personal contact. Serum copper level was measured by Spectrophotometric method 20 , serum total protein and albumin levels were estimated by standard laboratory method. The statistical analysis was done by One-way ANOVA (Post Hoc), Bonferroni and Pearson's correlation coeeficient test by using SPSS, version-16.
Results
All the groups were matched for age. Mean (+SD) of Age and BMI of different groups are shown in (Table I ).
The mean (±SD) serum Cu level was significantly higher in all groups of pregnant women than that of non-pregnant women. Again, this value was significantly (p<0.001) higher in 3 rd trimester than that of 1 st and 2 nd trimester and also in 2 nd trimester than that of 1 st trimester (Table II) .
Again, mean serum total protein level was significantly (p<0.01) lower in 3 rd trimester than that of non-pregnant women. Whereas, this level was almost similar and no statistically significant difference was observed among the other groups. Again, mean serum albumin level was significantly lower in 2 nd and 3 rd trimester than that of non-pregnant women (p<0.001) and also of 1 st trimester (p<0.05). Whereas mean serum globulin level was almost similar and showed no statistically significant difference of this value among the groups (Table II) . Moreover, serum Cu concentration was positively correlated (r=0.784) with different trimesters of gestation and this relationship was statistically significant (p<0.001) (Figure 1 ).
Discussion
In the present study, increased serum Cu level has been found during different trimesters of pregnant women and maximum increased value was observed in 3 rd trimester. This finding is in consistent with that of some other researchers 21, 16 . On the contrary, serum Cu level was found lower in 3 rd trimester of gestation when compared to that of in 1 st and 2 nd trimester of pregnant women. The researchers suggested that this might be due to hemodilution 17 . Again, serum Cu concentration has shown significant positive correlation with different trimesters of gestation in present study. Similar observation is also made by other investigators 16 . However, hypercupremia during 3 rd trimester of pregnancy may be due to mobilization of copper from maternal tissues, especially from the liver for its utilization during fetal development 21 . Again, it has been suggested that increased serum Cu during 3 rd trimester of pregnancy may be due to increase in carrier protein, ceruloplasmin in response to elevated level of estrogen 13 . In addition to this decreased biliary copper excretion induced by hormonal changes, may lead to an increase in serum Cu level during pregnancy 10 . Moreover, an inverse metabolic relationship exists between zinc and copper which may also be responsible for elevated plasma copper levels in the presence of lower plasma zinc during pregnancy 22 . During last months of pregnancy the plasma progesterone exceeds the normal limit. This hormone increases plasma copper, necessary for placental maturation 4 .
In addition, in the present study a gradual decrease in total protein and albumin levels were also observed in different trimesters of pregnancy. It has been suggested that, pregnant women in developing countries consume diets with a lower quantity of protein, minerals and vitamins 23 . This inadequate dietary intake may be responsible for hypoproteinemia and hypoalbuminemia during pregnancy 2 .
In the present study, a gradual increase in serum copper level was observed in pregnant women of different trimesters, which was more pronounced in 3 rd trimester. This high serum Cu level in pregnant women of the present series are may be due to increased concentration of ceruloplasmin in response to stimulation by elevated level of estrogen during pregnancy. But this cannot be elucidated from the present study as serum concentration of ceruloplasmin was not measured. Furthermore, significant positive correlation of serum Cu level with different trimesters of gestation indicating the changes of this micronutrient on each trimester of gestation which is more marked in 3 rd trimester. Again, hypoproteinemia and hypoalbuminemia of the study subjects indicating their poor nutritional status. However, the exact mechanism involved for this gradual alteration of serum copper and plasma protein level in different trimesters of pregnancy cannot be find out from this type of study due to time and financial constrains. So, a further study on this field is required for clarification.
Conclusion
From this study, it can be concluded that gradual hypercupremia and hypoproteinemia occur in pregnant women from 1 st to 3 rd trimester of gestation. This gradual alteration of micro and macronutrients become more profound with advancement of pregnancy may be due to their nutritional deficiency and high demand during pregnancy.
